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Introduction

Photosynthetic proteins have complex relaxational processes
that span the range of picoseconds to seconds. This unusually
wide temporal range of dielectric relaxation of proteins is recog-
nized as an important contributor to efficient charge separation in
natural photosynthesis."” It enables the protein environment in
reaction centers to act as a "solvent" that can reorganize to pro-
duce an optimized free energy for each charge separation step. An
interesting class of solvents that mimic the broad temporal
responses of protein relaxation are liquid crystals. Nematic and
smectic liquid crystals possess an unusually wide range of dielec-
tric reorganizational responses that range from picoseconds to
microseconds and are thus separated from the more homogeneous
responses of conventional isotropic liquids.

It is also known that confinement of liquid crystals on 100
nm length scales or less can lead to new structural characteristics
and a range of dielectric responses that are extended by orders of
magnitude.’ Thus, confined nanodomains of liquid crystals repre-
sent unique biomimetic environments for the study of photoin-
duced electron transfer reactions. Optimal confinement configu-
rations are sought that will produce structural and dynamical
properties leading to efficient charge separation and vectorial
charge transport for photochemical energy conversion.

Methods and Materials

The smectic liquid crystal, 4'-octyl-4-biphenylcarbonitrile
(8CB), was used in various confinement configurations and is illus-
trated in Fig. 1. 8CB is a well known liquid crystal that forms a
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lamellar structure with an interlayer spacing of 31.4 A, ideal for
small angle x-ray scattering (SAXS) studies. It provides a measure
of the degree of alignment of the liquid crystal and also any pho-
toinduced structural changes. Also shown in Fig. 1 are the photo-
chemically active dopants used, a Zn tetraphenyl porphyrindonor
(ZnTPP) and a 2,4,7-trinitrofluorenone (TNF) acceptor.

The confinement matrix used was nanoporous anodic alu-
minum oxide (AAO), synthesized by Professor J. Xu’s group at
Brown University. An AFM image of the unusually homogeneous
AAO sample is shown in Fig. 2. The pores are ~50 nm in diame-
ter and thus have a very high aspect ratio. Capillary action is used
to draw the liquid crystal into the pores.

Results

Large structural changes are observed in the pure 8CB liquid
crystal vs. doped liquid crystals when under nanoconfinement,
while no structural changes are observed in bulk samples. The
results can be summarized by Fig. 3, showing the diffraction
peaks at Q values of 0.16 and 0.51 A, in addition to the diffrac-
tion peak at 0.21 A-! present in pure 8CB. Furthermore, the data
show that 8CB molecules are aligned parallel to the pores and that
the dopants are also similarly well aligned.

FIG. 2. An AFM image of
AAO, with pore diameters of
~50 nm.

FIG. 3. The SAXS data for
Lo ZUTPRTNE pure and doped 8CB in
R -~ - BC8 Pure nanoporous AAO.
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Discussion

The data indicate that the photochemically active chro-
mophores are structurally ordered under confinement, while ran-
domly oriented in the bulk. Interestingly, the highest Q diffraction
at 0.51 A" corresponds to the approximate diameter of the ZnTPP
molecule. Structural ordering of the chromophores as a result of
the AAO matrix and the liquid crystal solvent increases the like-
lihood of achieving vectorial, photoinduced charge separation.

Acknowledgments

Use of the Advanced Photon Source was supported by the
U.S. Department of Energy, Office of Science, Office of Basic
Energy Sciences, under Contract No. W-31-109-ENG-38. This
work also benefited from the use of the Basic Energy Sciences
Synchrotron Radiation Center at the Advanced Photon Source.

References

'1.A. Balabin and J.N. Onuchic, Science 290, 114-118 (2000).
?J. Zimmermann, J. van Gersdorff, H. Kurreck, and B. Roeder, J.
Photochem. Photobiol. B 40, 209-217 (1997).

3 G.P. Crawford, L.M. Steele, R. Ondris-Crawford, G.S. Iannac-
chione, C.J. Yeager, J.W. Doane, and D. Finotello, J. Chem. Phys.
96, 7788-7796 (1992).



